Abstract. Electronic energy bands of ScH, in the fluorite structure have been calculated by the composite-wave variational version of the APW method. The crystal potential was constructed by superposition of the atomic potential of Herman and Skillman. From the band structure data the density of states (DOS), the joint DOS (JDOS) and the Fermi surface have been worked out. The results of the JDOS calculation have been compared with the theoretical and experimental results of other workers. Although the theoretical results agree. the experimental comparison is not very good. A possible explanation for this discrepancy has been attempted.
Introduction
The metal hydride plays an important role in modern research work due to its large number of interesting physical, chemical and metallurgical properties, such as the superconductivity (Papaconstantopoulos et a1 1978 , Gupta and Burger 1980 , Gupta and Freeman 1978 , the Mossbauer effect (Strauss et a1 1980 , Probst et a / 1980 , Stewart et al 1980 , Gupta and Freeman 1978 , the lattice gas phenomenon, the surface physics involving H Z + 2 H dissociation (Westlake et al 1978) , etc. Of all these the most interesting and technologically important property of the hydrides is the high density of hydrogen atoms as compared to the density of solid and liquid hydrogen and other materials. This has led to use of the hydride for neutron moderators and shielding materials in a nuclear reactor. Moreover, the hydrides are particularly advantageous for hydrogen storage (Libowitz 1965) , which is an important factor in energy research work; they retain hydrogen at an elevated temperature, occupy a small volume and can be handled more safely than liquid hydrogen tanks. These facts have stimulated a large number of workers to begin studying electronic and optical properties of metal hydrides both theoretically , Fujimori et a1 1980 and experimentally (Weaver et a / 1979a, b) .
Theoretically, assuming rigid bands, two models have generally been used to interpret the experimental results of metal hydrides. In one of these models, called the protonic model, electrons from the hydrogen atoms are used to fill holes in the d band of the metal; in the other anion model, electrons leave states of the metal to occupy states contributed by hydrogen (Libowitz 1965 , Switendick 1970 , 1976 . Switendick first showed that the band structure of the metal hydride differs from that of the starting metal-a new band appears below the Fermi energy due to the presence of two hydrogen atoms in the unit cell. He also pointed out that the rigid band models are not appropriate for interpreting the band structures of metal hydrides. Since the pioneering work of Switendick (1970 Switendick ( , 1976 ) the nature of metal dihydrides is considered to be metal-like in the CaFz structure.
As has been pointed out by many authors (Westlake et a1 1978), the important properties that are described above are mainly expected from the transition metal hydrides, although other non-transition metal hydrides, e.g. AlH, (Gupta and Burger 1980) , are also important. Of all the transition metals, scandium is the first of the series to have an incompletely filled d shell. Hence to study the hydrides of these series, one would be tempted to start with the first member of the series-ScH,. This idea is also motivated by the excellent optical absorption data (Weaver et al 1979b, Weaver and Peterson 1980) which are now available for this dihydride; information about the properties, e.g. the Fermi surface, will definitely be obtained in the near future.
Since the study of the transition metal dihydride has just begun, the only published theoretical work that we know of on ScH, is that of Peterman et ai (1979, 1980) who used the KKR method to calculate the band structure of ScH,. They used the muffintin approximation, which has been very successful for elemental solids, but does not seem very suitable for compounds. This question of the validity of the muffin-tin approximation led them to reconsider their work and in a recent paper they modified their calculation to include another non-overlapping sphere to offset the fact that the potential did not have a muffin-tin nature; however the basic nature of the potential still remained muffin-tin like. Although, in the augmented plane wave (APW) method of Slater (1937 Slater ( . 1953 , one has to use the muffin-tin potential, the composite-wave variational formulation of the APW method by Schlosser and Marcus (1963) does not assume the muffin-tin potential and this has already been used successfully for compounds (Sarkar and Chatterjee 1979) . In this work we have, therefore, used the composite-wave variational version of the APW method to calculate the band structure, density of states, optical absorption spectra and Fermi surface of ScH2.
Outline of the method
The main composite-wave variational method has been described in detail by Schlosser and Marcus (1963) . The matrix elements which we use to compute the energy bands are given as follows:
where eo is the trial energy, ZIEOi is the negative of the energy derivative of the logarithmic derivative at r = ri and and OnnZi are given by 51, Qi and 51, being respectively the volumes of the unit cell, the inscribed sphere and the volume between them. is the outer Fourier coefficient, which arises because the potential does not have a muffin-tin nature. When the muffin-tin approximation is assumed, is given by VeOnn,ir V' being the mufin-tin constant.
Results and discussions
Scandium dihydride crystallises in the CaF, structure in which the metal atoms are positioned on an FCC lattice and the hydrogen atoms occupy tetrahedral sites. The energy band calculations were performed using the composite-wave variational method; the secular determinant det 1 (H,,. -ED,,,. I I and the matrix elements given by equations (1)- (4) have been programmed into the Burroughs computer at the Regional Computer Centre, Calcutta. The matrix elements were separated into two parts. The terms such as bl,,,.i, and K,,.i, which are independent of the trial energy E, , , are calculated separately for a particular k and all the reciprocal lattice vectors and the terms like L l f 0 , and dependent on the trial energy c0, are then calculated at regular intervals of the trial energy. The secular determinants thus obtained were then fitted in a fourth-order polynomial, whenever the secular determinant changed its sign. The eigenvalue was then calculated by solving the polynomial.
In order to calculate the logarithmic derivative ~5,,,,~, and the energy derivative of the logarithmic lip,,, we have chosen the crystal potential by superposing the free atom solution of Herman and Skillman (1963) . The radii of the APW spheres were chosen so as to fall on the tail of the individual potentials. The radii of scandium and hydrogen were found to be 1.81630 and 2.03629 au respectively.
The energy band structures of ScH, are shown in figure 1 . If we compare our results with the tight-binding symmetries given by Fujimori et a1 (1980) for CeH, we find that the two lowest bands are mainly hydrogen-like but they also have a mixture of metal s, p and d like characters and, following Peterman et a1 (1979) , may be termed as hydrogen derived bonding bands. The wavefunction for the rl state, being a large mixture of both hydrogen s and metal s character, is strongly covalent. The T,, state, which is absent in metal Sc, occupies a position mainly below the Fermi level, though a small portion of it rises slightly above the Fermi level, which may be due to the nature of the potential used. From symmetry it is obvious that this state is a purely antibonding combination of the two hydrogen 1s orbitals in the unit cell. Other higher bands result from the d derived states of the metal.
When compared with the band structure calculated by Peterman et a1 (1979) , it is seen that the natures of the two band structures closely resemble one another except that one more parallel band along the C region has appeared in our band structure. There is also an overall upward shift of our metal d like bands relative to the lowest bands in comparison to those of Peterman et a1 (1979) .
The DOS and the JDOS have been calculated by the procedure already described by Sen and Chatterjee (1980) . Here 1/48th part of the Brillouin zone is divided into a mesh of 215 points. The first-principle calculations were taken on all the symmetry points and axes and at general points on the surface of the three tetrahedra. The energies for the rest of the points were calculated by quadratic interpolation. They are shown in figures 2 and 3. As shown in figure 2, one large peak is derived from the bonding bands, indicating the character of the nearly flat band along the L-W-K region. Another small peak just above the Fermi level is observed which originates from the flat band along W; to K1. Figure 4 shows the JDOS for the first five bands. The JDOS is the probability of transition of an electron from the state below the Fermi level to a state above the Fermi level and will be a maximum when the transition occurs from a lower state of maximum density to an upper state. The importance of this quantity lies in the fact that, when one neglects the matrix elements for the interband electric dipole transition, it can be compared with the dielectric function e2 as obtained from the study of the optical properties. The parallel bands in the k space region and the flat bands at symmetry points are responsible for the significant structures in the JDOS.
In our JDOS calculation (figure 3) a small structure at 4.0 eV occurs due to the flat bands along the W-K region, i.e. due to the transition between the symmetry points W3 and W;, and the large structure near 4.4eV results from the first parallel band along C. Both the features are in excellent agreement with the JWS curve of Peterman et a1 (1979) . The only difference between our J W S calculation and that of Peterman et a1 is that we have one more large structure at 6.1 eV resulting from the second parallel band along C, which is absent in the band structure obtained by Peterman et a1 (1979) as mentioned earlier. Another difference is the onset of the transition, which occurs at 2.5 eV in our case as opposed to 1.7 eV for Peterman et a / (1979) , whereas the experimental value is 1.25 eV (Weaver er a1 1979b) .
Although our results agree well with those of Peterman er a1 (1979) , agreement with experiment is not very good. The low-energy features which appear in the experimental spectra are very difficult to interpret from our dihydride calculation. The same difficulty was also faced by Peterman er a1 (1979) . To make their theory agree with experiment, they argued that the experimental spectra could not easily be compared with the JDOS calculation since the matrix elements have been excluded and the predicted interband absorption does not occur due to the extremely small occupied volume associated with the states near Y2. The same arguments are also applicable in our case.
Peterman er a1 (1979) have also suggested that the first problem can be solved by considering thermo-modulation spectroscopy, which is a valuable way of locating critical points and Fermi surface transitions in the interband absorption of solids. A small increase in temperature A T leads to small temperature-induced changes in the dielectric function Ac2(o). Then one may write, neglecting the variation of matrix elements with temperature,
where m is a matrix element and AJ(o) is the change in the JDOS value. The derivative structure of be2 can be simulated theoretically by considering changes in the JDOS which result from rigidly shifting a particular band by a small energy increment, i.e. AGJ(w) or, in the case of Fermi level transitions, by shifting the position of the Fermi level, i.e. ApJ(0) (Peterman et a1 1979) . Using the calculated band structure and calculating both the functions AGJ(o) and AFJ(w), Peterman er a/ (1979) obtained a reasonable agreement between theory and experiment (Weaver et a / 1979b). Our results can also be matched with experiment (Weaver et a1 1979b) following the above argument, i.e. shifting our Fermi level by about 0.09 Ryd and calculating AFJ(w) and similarly shifting the upper band and evaluating AGJ(w), we can also calculate the change in JDOS, which will agree well with the experimental observation.
In figure 4, 
Conclusion
In this work we have applied the composite-wave variational version of the APW method to study the band structures of ScH, in the fluorite structure. The crystal potential was constructed by superposing the atomic potentials of Herman and Skillman. The results of this work have shown striking similarity with the only other work of . The discrepancy between experiment and theory is very difficult to remove although reasonable explanations concerning the line of Peterman er a1 (1979) have been given in the previous section. All this juggling, however, could be avoided if we arbitrarily shift the whole JDOS curve to the left by an energy of 2.438 eV. If we then assume constant matrix elements, the c2 curve along with the experimental curve of Weaver et a / (1979b) will look like that given in figure 5. From this figure, we see that the main peak and the structure at 2.05 eV agree well with experiment, but the second structure at 2.75 eV does not appear in our calculation, though the third small structure at 3.7 eV mainly agrees with the third structure of Weaver er a/ (1979b) at 3.95 eV.
This aspect of shifting the bands may be elucidated by means of charge transfer theory (Bansil et al 1974) but since this is our first endeavour to study the transition metal hydrides, we have not attempted this here. We hope to do this work on the transition metal hydride in the future.
